Woodward's (2010) criteria for fine-grained influence have been widely adopted as an analy-190 sis of causal selection in the philosophy of biology (Waters 2007; Griffiths et al. 2013; Griffiths 191 et al. 2015; Weber 2013 Weber , 2017 . Causal variables with fine-grained influence satisfy the first con-192 dition an adequate defense of causal selection must meet insofar as they possess an explanatory 193 property that distinguishes them from "switch-like" causes. "Switch-like" causes can take one 194 of two possible values-"on" or "off." By contrast, fine-grained causes can take any value from 195 a range of possible alternative values. Consider the dial of a refrigerator thermostat whose six 196 settings systematically correspond to one and only one temperature output. Setting the dial to 2 197 activates the cooling mechanism to bring the refrigerator to 2.5 degrees centigrade, while setting 198 the dial to 3 raises the temperature to 5 degrees, and so on for each setting. The intervention-199 ist's rationale for privileging fine-grained causes over "switch-like" ones is that the former offer 200 numerous opportunities to manipulate and control the value of an effect variable; whereas, the 201 latter offers only two (Woodward 2010). Fine-grained causes can provide answers to a greater 202 number of counterfactual questions than "switch-like" causal variables can.
203
Ideally, relationships with fine-grained influence will exhibit a perfect one-to-one mapping 204 between input and output states, and every output will correspond to some input. 2 However, 205 the criteria for fine-grained influence may be weakened in various ways that are important for 206 2. In this way, fine-grained influence is like a bijective function. Bijective functions have one-to-one mappings between input and outputs states (injective) and every output state has some input (surjective). Also inherent to the criteria for fine-grained influence is the requirement that the level of detail used to describe a causal variable meet proportionality constraints as detailed in Woodward (2010). Proportionality ensures a partitioning of a causal modeling real world cases of fine-grained influence. Instead of requiring perfect one-to-one 207 mapping between input and output states, some (but not too many) cases where more than one 208 input state corresponds to the same output are permitted. Another way to weaken the criteria 209 for fine-grained influence is to allow some (but again, not too many) output states to have no 210 corresponding input. The idea that fine-grained influence is supposed to capture is of a causal 211 variable that exerts a great degree of control over the states of an effect variable. Thus, it is not 212 tolerable to the achievement of such control if the same input state maps onto more than one 213 output or if many output states don't have some corresponding input. It is tolerable, however, to 214 have more than one input associate with the same output. In the event that the same input state 215 associates with more than one output, then the causal variable does not specify the effect state in 216 a determinate way. And were there a number of effect states without a corresponding causal state, 217 then our causal variable would have only a small degree of control over the system. Nevertheless, 218 admitting a weakened criterion for fine-grained influence preserves the same general idea-219 these relationships display a range of alternative states where (for the most part) each causal 220 state systematically associates with one effect state.
221
The criteria for fine-grained influence goes some way towards satisfying the second con- 
234
For the most part, each nucleotide sequence systematically associates with one and only one 235 protein just as each setting on the thermostat systematically corresponds to a single temperature 236 output. A gene determines the sequence of amino acids in units of three nucleotides or codons.
237
All 20 canonical amino acids are specified by a codon. 3 But there is some redundancy in the 238 genetic code because more than one codon can specify the same amino acid-for instance, UUU 239 and UUC both specify the amino acid phenylalanine. 4 It is true of other amino acids that more 240 than one codon specifies them. This means that there will be some gene variants that determine 11. Genome sequencing of wild microbial populations has recently found non-standard genetic codes that associate stop codons with naturally occurring amino acids to be much more common than had previously been thought (Ivanova et al. 2014) .
12. Indeed, Weber attempts to meet this demand. He proposes to define biological normality in terms of the number of mutations needed to achieve two independent non-synonymous amino acid substitutions at different locations in a protein. His reasoning is that two non-synonymous amino acid substitutions commonly occur within just a few generations (Weber 2017). Note, however, that many artificial gene sequences that matter greatly to experimenters (a case in point are genes for fluorescent proteins) often contain more than just two non-synonymous amino acid substitutions. patterns of alternative splicing agents have on the unique Dscam protein in Drosophila. So far, 588 the literature has only considered actual and biologically normal variants of alternative splicing 589 (Weber 2017; Griffiths et al. 2015 ). Yet, the experimenters investigating this phenomenon em-590 ploy artificial, chimeric variants as well (Wu et al. 2012) . The artificial methods employed by
